Data from 66 patients ≥ 60 years old with suspected coronary artery disease (CAD) were studied to determine the diagnostic value of an abnormal increase in postexercise systolic blood pressure (SBP) for detecting CAD in gerontal patients. Treadmill exercise testing (TET) and selective coronary angiography (CAG) were carried out and SBP was measured pre-TET and at each minute during a 6-min post-TET recovery phase. Abnormal increase in postexercise SBP was defined as a higher SBP compared with that measured earlier during the 6-min post-TET period. An abnormal increase of ≥ 7 mmHg in postexercise SBP had a statistically significantly better specificity, and also showed higher sensitivity and accuracy, than ST-segment depression ≥ 1 mV in identifying gerontal patients with CAD. The combination of ST-segment depression and abnormal SBP resulted in further improvement of the specificity for detecting CAD. It is concluded that measurement of abnormal increase in postexercise SBP may be a sensitive indicator of gerontal CAD.
Introduction
Exercise induced ST-segment depression is commonly used as a standard criterion for detecting coronary artery disease (CAD) in exercise testing. 1 Its diagnostic value is, however, markedly reduced in patients with abnormal basic electrocardiograms (ECG). Haemodynamic variables, such as blood pressure (BP), exercise duration and heart rate, are closely related to coronary artery circulation, left ventricular function and systemic vascular resistance and should be analysed together with ST-segment depression in exercise testing. 1 -6 Gerontal patients might be asked to undergo exercise testing because of abnormalities in the basic ECG, which may be provoked by medical complications and drug treatment. 1 Previous studies have reported abnormal postexercise systolic BP (SBP) -either a decline or an increase -to be associated with CAD severity. 7 -16 Measurement of the SBP ratio ZL Yu, XJ Yang, JZ Zhu et al.
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(the ratio of the SBP at 3 min postexercise to the SBP at peak exercise) has also been shown to be useful in detecting CAD. 7 -14 The diagnostic value of the paradoxical SBP increase in gerontal patients has not, however, been well explored. The present study was designed to evaluate abnormal SBP increases during the early recovery phase after treadmill exercise testing (TET) and the effectiveness of TET for detecting the presence or absence of CAD in gerontal patients.
Patients and methods

STUDY POPULATION
Data on inpatients (≥ 60 years old), admitted to the First Affiliated Hospital of Soochow University (Suzhou, China) and Kunshan First People's Hospital Affiliated to Jiangsu University (Kunshan, China) between March 2002 and October 2008, who underwent TET and selective coronary angiography (CAG) to assess the causes of chest pain or discomfort were retrospectively retrieved from patients' hospital files. Those diagnosed with significant coronary artery lesions were included in the CAD group and those who demonstrated no significant narrowing of coronary arteries but who had been evaluated for chest pain/discomfort were included as control subjects; hypertensive heart disease, gastro-oesophageal reflux and chronic obstructive pulmonary disease were the main causes of chest pain/discomfort in the control group.
Exclusion criteria included a history of myocardial infarction, valvular heart disease, cardiomyopathy, heart failure, intraventricular conduction disturbance, pre-excitation syndrome or electrolytic turbulence. Written informed consent was obtained from each subject before the study. The Committee on Medical Ethics of the First Affiliated Hospital of Soochow University, Suzhou, China gave approval to carry out the study.
THE TET PROCESS AND MONITORING
Multistage TET (Cardiovit™ CS-200; Schiller, Baar, Switzerland) was performed according to the Bruce protocol 1 a week before CAG. The ECG tracings were monitored continuously and recorded at 1-min intervals during the TET and immediately on completion of the entire TET process. Semiautomatic electronic meters (Careboy series; Biox Instruments, Wuxi, China) were used to measure BP at the right cubitus, with the patient in the supine position, before exercise and every minute during the 6-min recovery period.
The TET continued until any of the following occurred: angina pectoris of moderate severity, exertional fatigue, STsegment depression ≥ 0.2 mV, critical arrhythmia, or reaching the age-predicted maximal heart rate (220 beats/min minus age in years). Significant ST-segment depression was defined as ST depression of ≥ 1 mV below the resting level 80 ms from the J point that was horizontal or downsloping and continued for > 2 min. 1 The ECG tracings obtained during TET were evaluated by two observers who were blinded to the patients' clinical data. Hypertension was defined as a pretest SBP ≥ 140 mmHg or diastolic BP > 90 mmHg. Those with a history of hypertension continued with antihypertensive medications (calcium channel blockers or β-blockers), 17 whereas nitrate therapies were withheld for at least 2 days before the TET was performed.
Abnormal increase in postexercise SBP was defined as a higher SBP compared with that measured earlier during the 6-min post-TET period. The maximum difference in SBP (abnormal SBP increase) for each patient ZL Yu, XJ Yang, JZ Zhu et al.
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was calculated as the highest SBP measured during the 6-min post-TET period minus the lowest SBP measured earlier during the 6min post-TET period.
CARDIAC CATHETERIZATION
Coronary arteriography was performed according to the Judkins or Sones techniques. 18, 19 Multiple views of both the left and right coronary arteries were obtained. Two or more angiographers who had no knowledge of patients' TET findings analysed the coronary arteriograms. A coronary artery stenosis was considered significant if there was luminal diameter narrowing of ≥ 50%. The severity of the coronary artery lesion was scored according to the improved Gensini scoring system: 20 reductions of 25%, 50%, 75%, 90%, 99% and complete occlusion received Gensini scores of 1, 2, 4, 8, 16 and 32, respectively. Each principal vascular segment was assigned a multiplier in accordance with the functional significance of the myocardial area supplied by that segment: the left main coronary artery, × 5; the proximal segment of the left anterior descending (LAD) coronary artery, × 2.5; the proximal segment of the circumflex artery, × 2.5; the middle segment of the LAD, × 1.5; the right coronary artery, the distal segment of the LAD, the posterolateral artery and the obtuse marginal artery, × 1; others, × 0.5.
STATISTICAL ANALYSES
The means ± SDs of the data were calculated and statistical analyses were carried out using the SPSS ® statistical package, version 13.0 (SPSS Inc., Chicago, IL, USA) for Windows ® . Differences for unpaired values between the two groups were analysed with the Student ' s t-test. Discrete data were compared by χ 2 analysis. Correlation between variables was examined by calculating the Pearson's product correlation coefficient. Receiver operating characteristic (ROC) curve analysis was used to calculate the cut-off point for the abnormal increase in SBP for detecting CAD. The sensitivity, specificity and accuracy of increases in SBP for detecting CAD were calculated following TET. The following definitions were used: sensitivity = (true positive/[true positive + false negative]) × 100; specificity = (true negative/[true negative + false positive]) × 100; and accuracy = ([true positive + true negative]/all subjects) × 100. A P-value of < 0.05 was considered to be statistically significant.
Results
PATIENT CHARACTERISTICS
In total, 66 inpatients (≥ 60 years old) who underwent TET and selective coronary angiography (CAG) to assess the causes of chest pain were included in the study: 36 patients were diagnosed with significant coronary artery lesions (CAD group: 31 males, five females; mean age 69.5 ± 8.7 years [range 60 -78 years]); and 30 control subjects showed no narrowing of the coronary arteries (24 males, six females; mean age 68.4 ± 9.6 years [range 60 -80 years). The baseline clinical characteristics of CAD patients and control subjects are summarized in Table 1 . There were no significant differences between the control subjects and CAD patients in age, sex, hypertension and the ratio of the number of patients on antihypertensive medication to those on no antihypertensive medication.
VARIABLES IN TET
There were no significant differences between the CAD group and control subjects in resting heart rate and resting SBP, although TET duration was significantly shorter in the CAD group compared with the ZL Yu, XJ Yang, JZ Zhu et al. Postexercise SBP increase and CAD diagnosis control group. These data and resting and postexercise SBP during the 6-min recovery period are shown in Table 2 . SBP decreased steadily from 1 to 6 min postexercise in the control group whereas, in the CAD group, it continued to increase up to 3 min postexercise and then decreased slowly thereafter. Most postexercise SBP values in patients with CAD were significantly higher than SBP values seen in control subjects (P < 0.05). A significant difference in the abnormal increase in SBP postexercise was observed between the CAD group and the control group (12.9 ± 8.4 versus 5.3 ± 9.1 mmHg, P < 0.05).
CORRELATION BETWEEN SBP INCREASE AND CORONARY ARTERY LESIONS
There was a significant correlation between the abnormal increase in SBP and coronary artery lesion severity in gerontal patients with CAD (r = 0.638, P < 0.01; Fig. 1 
ROC CURVE ANALYSIS OF SBP INCREASE FOR DETECTING CAD
The sensitivities and specificities of various post-TET increases in SBP are shown in Table  3 . The ROC curve analysis revealed that an abnormally increased SBP of ≥ 7 mmHg was the cut-off point that provided the best combination of sensitivity and specificity for detecting CAD following TET (Fig. 2) . The area under the ROC curve was 0.748 (P < 0.01) and the sensitivity, specificity and accuracy of a 7 mmHg increased SBP cut-off point for the detection of CAD in TET were 78%, 73% and 76%, respectively (Table 4 ).
SBP INCREASE AND ST-SEGMENT DEPRESSION FOR DETECTING CAD
The sensitivity, specificity and accuracy of STsegment depression ≥ 1 mV below the resting level during TET for the detection of gerontal CAD were 75%, 47% and 62%, respectively, however, an abnormal increase of ≥ 7 mmHg in postexercise SBP had a statistically significantly better specificity versus STsegment depression (P < 0.05) as well as higher sensitivity and accuracy (though not statistically significant versus ST-segment depression) for detecting CAD in gerontal patients. The combination of the ST-segment depression ≥ 1 mV and abnormal increase of ≥ 7 mmHg in postexercise SBP further improved the specificity (87%, P < 0.01 versus ST-segment depression) in identifying CAD. Sensitivity, specificity and accuracy for abnormal increase of ≥ 7 mmHg in postexercise SBP, ST-segment depression ≥ 1 mV and their combination are summarized in Table 4 .
Discussion
The present retrospective analysis of gerontal patients who underwent TET to determine the cause of their chest pain found that abnormal increase in postexercise SBP was better than ST-segment depression for have widespread acceptance in detecting CAD because of its convenience and low cost. 21 Measurement of ST-segment depression is commonly used as the criterion by which CAD is detected by TET, although its diagnostic accuracy is limited and it may be an unreliable maker of CAD in patients with resting ECG ST-segment depression. 1 Gerontal patients are rarely asked to undergo TET because of underlying issues including an abnormal resting ECG, complications such as hypertensive heart disease, chronic obstructive pulmonary disease and use of medications, any of which may reduce the specificity of the TET. 1 Various studies have shown that, during the postexercise phase, abnormal or paradoxical increases in SBP and smaller decreases in SBP occur in CAD patients, and that the postexercise SBP ratio (defined as the SBP 3 min into the recovery phase divided by the SBP at peak exercise) is useful for identifying CAD, even in patients with hypertension and left ventricular hypertrophy. 7 -16 In these studies, the sensitivity of the SBP ratio ranged from 29% to 95% and specificity ranged from 73% to 97%, which were similar to the sensitivity and specificity values for STsegment depression, and the sensitivity of the SBP ratio correlated with the severity of CAD. 7 -16 Studies have also revealed that the SBP ratio is an important risk factor for cardiac mortality. 22 -25 In some studies, however, the diagnostic value of the SBP ratio and the association between the SBP ratio and cardiac events were attenuated after adjusting for age. 23, 24 Compared with the SBP ratio, measurement of abnormal increase in SBP postexercise may be more accurate in identifying CAD because it is a more detailed measure, involving changes in exercise SBP measured electronically at six postexercise time-points rather than just two points while the patient is in the supine position. 7 -16 In addition, measurement of the peak-exercise SBP is required for calculation of the SBP ratio and this is difficult to record in a timely fashion or to measure accurately. 26 Compared with younger patients, gerontal patients have higher rates of hypertension, false-positive ECG findings and concomitant medication use; notably these would attenuate the diagnostic value of using STdepression for the detection of CAD in TET. 1 Consequently, measurement of abnormal increase in postexercise SBP is not impaired by ageing and, therefore, is particularly applicable to gerontal patients. Antihypertensive therapy can also continue, which improves safety.
In healthy subjects, the SBP decreases steadily immediately after exercise and returns to baseline with a decline in the 29 -31 Immediately after exercise, there is rapid amelioration of left ventricular asynergy, leading to an improvement of cardiac output that may increase BP, or slow down the rate of decrease in BP. During the early postexercise phase, increased systemic vascular resistance secondary to exaggerated sympathetic nervous activity, promoted by exercise and ischaemia, may be a compensatory mechanism that causes an abnormal increase in postexercise SBP in patients with CAD. 10, 29 -31 The usefulness of an abnormal increase in postexercise SBP for diagnosing CAD has been reported previously. 7 -9 The sensitivity of the SBP increase was attenuated in CAD patients with single right coronary artery lesions, distal coronary artery lesions or hypertension, possibly because cardiac output fluctuations were less frequently observed in the areas supplied by impaired arteries in these circumstances. 29, 31, 32 In addition, single right (or distal) coronary artery lesions and hypertension are less likely to disrupt left ventricular function during TET, compared with multiple lesions, or lesions in other cardiac regions. 29, 31, 32 There were some limitations to the present study. First, the number of patients was small and testing of the reliability of the SBP increase was not performed. Secondly, using the criterion of coronary artery obstruction based on CAG for CAD may have excluded some CAD patients with coronary artery impairments without any significant narrowing. Thirdly, most patients continued taking antihypertensive medications and this could have had an effect on the changes in postexercise SBP. Thus, further prospective studies involving larger numbers of patients are necessary to give a better evaluation of the mechanism and diagnostic value of an abnormal SBP increase in elderly patients with CAD.
In conclusion, the present study demonstrated a significant difference in the postexercise SBP increase between gerontal patients with and without CAD. The abnormal SBP increase, in combination with ST-segment depression, may be useful for detecting CAD in gerontal patients.
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